This study examined the effect of underground water on reproduction-and growth-related hormones in blue gourami males under non-reproductive and reproductive conditions. An increase in the percentage of males building nests under the highest percentage of underground water were compared to fish that maintained a lower percentage of underground water in the first two days. The % Gonado-somatic index (GSI) of males building nests was higher than nonreproductively active males in water containing the lowest concentration of underground water. In nonreproductively active males, brain gonadotropin releasing hormone 1 (GnRH1) and pituitary β subunit of gonadotropins (GtHs) and prolactin (PRL) mRNA levels were significantly higher in males maintained in underground water. In reproductively active males, mRNA levels of brain GnRH1, gonadotropin releasing hormone 3 (GnRH3) and pituitary PRL mRNA levels were significantly higher than males maintained in underground water. Thus, it is suggested that underground water with high salinity and conductivity levels affects the gene expression of reproduction-related hormones; in reproductively active males, it shortened the duration of nest-building by blue gourami males.
INTRODUCTION
The environmental effect on hormones that regulate reproduction and growth in fish has been studied extensively, focusing particularly on photoperiod [1, 2] , temperature [3] [4] [5] [6] [7] [8] [9] [10] , water quality [11] , salinity [12, 13] and diet [14] .
All gourami fish belong to the Anabantoidei suborder and are commonly known as labyrinth fish. These fish are characterized primarily by an accessory breathing organ called the labyrinth organ. The labyrinth organ is located next to the gill cavities and is made up of folded membranes mounted on a bony frame able to uptake atmospheric oxygen and adapt the fish to low quality water [15] . Anabantidae, which contains 16 genera and about 50 species, is distributed throughout most of southern Asia, India and Central Africa [15] , and lives in habitats with various water sources and different soluble components [6, 16] . The habitats are affected by seasonal rains and might affect the standing-water where the fish breed. The conditions of this fish in natural habitats are not described in detail, however, intensive study has been carried out on the adaptation to growth and reproduction in artificial conditions [15] . In tropical regions, the two main reproductive cues are temperature and day length with little seasonal variation. Nest-building occurs and eggs are laid in a temperature range of 23˚C -29˚C [16] . Degani states that the reduction of light due to dense plant population had a positive effect on nest-building. In light [6] conditions, the females generally lay their eggs by the second day after being placed in the spawning container, after which the number of nests built declines. In dark conditions, spawning begins more slowly and the decrease in spawning is slower. More spawns in total were achieved in conditions of darkness versus light. Moreover, they are known to be very tolerant to wide ranges of environmental conditions, including varying pH (6.0 -8.8), temperature (3˚C -21˚C) and dissolved oxygen levels [17] . The blue gourami has been studied extensively as the model of endocrine regulation on reproduction and growth since it is multi-spawning and male-dependent, with asynchronic ovary development [15, 18] . Thus, each stage of its gonadal development can be controlled and examined separately in the laboratory [19] [20] [21] .
Several studies have shown an association between brain, pituitary, gonads, hormones and reproduction and growth in the blue gourami male. The pituitary gene expression of follicle-stimulating hormone (βFSH), luteinizing hormone (βLH) [21] , prolactin (PRL) [22] and growth hormone (GH) in males [23] , and the pattern of sex steroid secretion during gonadal development in blue gourami males have been reported previously [21, 24] . βFSH mRNA levels increase in mature non-reproductively active fish; βLH mRNA levels were related to sexual behavior [21] . The highest levels of blue gourami GH mRNA were found in pituitaries of non-reproductively active males, suggesting that GH may play a role in the gonadal cycle and sexual behavior of the blue gourami [23, 25] . Degani et al. [22] suggested that PRL plays a possible role in the endocrine control of gonadal development in fish, in addition to its role in reproductive behavior. An association between brain peptide gene expression and gonadal cycle was also studied in blue gourami males. Three forms of gonadotropin-releasing hormone (GnRH) exist in blue gourami males (GnRH1, GnRH2 GnRH3). GnRH1 gene expression was higher in mature non-reproductively active males [26] . No changes in GnRH2 gene expression was detected in blue gourami males under non-reproductive and reproductive conditions [26] . Gonadotropin-releasing hormone3 (GnRH3) induces LH release from pituitary cells and stimulates final oocyte maturation (FOM) in blue gourami females [27] . Levy et al. (2009) demonstrated that higher GnRH3 mRNA levels were detected in the brain of mature (during spermatogenesis) and reproductively active males (during nest-building) than in juvenile males [28] . Pituitary adenylate cyclase-activating polypeptide (PACAP) gene expression is related to sexual behavior, and high levels of PACAP-related peptide (PRP) gene expression were detected in non-reproductive males. The potential role of these peptides in reproduction and growth is also supported by their regulation on GH and gonadotropin gene expression [29, 30] .
To date, the effect of changes in water conditions such as salinity and conductivity on hormones involved in growth and reproduction is not fully understood in Anabantoidei fish. Molecular analysis of the main hypothalamic peptides regulating growth and reproduction in fish maintained in underground water differ in their chemical characterizations, could provide an insight into their physiological role. Therefore, the aim of this study was to examine the effect of underground water on gene expression (βFSH, βLH, GH, PRL, GnRH1 and GnRH3) in blue gourami males under reproductive and non-reproductive conditions.
MATERIAL AND METHODS

Fish and Experimental Design
Blue gourami fish (Trichogaster trichopterus, Perciformes, Osphronemidae), which were maintained and bred at MIGAL laboratories in northern Israel, were used in this study. The fish were held in containers (2 × 2 × 0.5 m) at a temperature of 27˚C, under a light regime of 12 h light:12 h darkness (Jackson et al., 1994) until the beginning of the experiments, and were fed an artificial diet (45% protein, 7% fat) supplemented with live food (Artemia salina). All research involving the fish was approved by the committee in MIGAL dealing with animals and conforms to NIH guidelines. Three separate aquariums, each containing underground water (0%, 50%, 100%) with different salinity and conductivity levels ( Table 1) were populated with 10 non-reproductively active adult blue gourami males (with an average weight of 7.61 ± 0.28 g). After an acclimation period of four days, the experiment was carried out for four days.
Experimental Design
Experiment 2: the effect of the different underground water conditions with different salinity and conductivity levels on genes encoding for growth and reproduction hormones in reproductively active males.
Reproductively active blue gourami males with an average weight of 10.45 ± 2.96 g were maintained in groups of five fish per container in three separate aquariums, each containing underground water (0%, 50%, 100%) for a four-day acclimation period. The fish were then separated so that each aquarium contained only one male for three days. Vegetation (Elodea) was added to each aquariums, and a mature female was added to each aquarium after two days. This experiment was repeated 2 -3 times.
In all the experiments, the brains and pituitaries were collected and somatic and gonadal weights were recorded for gonadosomatic index (GSI) calculations. The 
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pituitaries were removed from the fish to measure βFSH and βLH [31] , GH [23] and PRL [22] , and all the brains were sampled for GnRH1 and GnRH3 transcription measurements [26, 28] In addition, gonads were examined histologically to determine the reproductive stage.
Histological Analysis
Gonadal samples were fixed in Bouin and subsequently processed for light microscopy. Paraffin sections of 6 µm were stained with hematoxylin and eosin, as previously described [18] . Mature males displayed full spermatogenesis and a high concentration of spermatozoa in the middle of the testes lobuli [21] . The reproductive stages in males were mature non-reproductively active, which were kept in groups, and mature reproductively active males, which were maintained under reproductive conditions and built nests [32] .
RNA Extraction and cDNA Synthesis
Total RNA was extracted from freshly excised brains and pituitaries of blue gouramis using Trizol reagent (Invitrogen, Carlsbad, CA), according to the manufacturer's recommendations. RNA samples were incubated with RNase-free deoxyribonuclease-I (Roche Diagnostics, Mannheim, Germany) to eliminate contaminating genomic DNA. First-strand cDNA was synthesized from 0.5 to 2 mg of the total RNA for 1 hr at 57˚C followed by 10 min at 75˚C with the Reverse-IT First-Strand Synthesis Kit (ABgene, Surrey, UK).
Real-Time PCR
The mRNA levels of GnRH1, GnRH3, GH, bLH, bFSH and prolactin in the gourami pituitary were determined.
The relative abundance of mRNA was normalized with an endogenous reference gene, the 18S subunit of rRNA (18S rRNA), using the comparative threshold cycle (CT) method [33] . The formula used was 2 ΔCT , where ΔCT corresponds to the difference between the CT measured for each target hormone (GnRH1, GnRH3, GH, bLH, bFSH, or prolactin) and the CT determined for 18S rRNA. To validate this method, serial dilutions were prepared from a brain cDNA sample and the efficiencies of each gene were calculated according to the method of Muller et al. [34] . Linear regressions of the plots showed R2 values of 0.99. Gene-specific primers for the realtime PCR were designed using Primer3 Tool (http://frodo.wi.mit.edu/primer3/). Table 2 summarizes the primers used in the real-time PCR. In each PCR mixture, Syber Green Master Mix (ABgene) was added and amplification was carried out in a RotorGene 3000 Sequence Detection System (Corbett Research, Sydney, Australia) under the following conditions: for GnRH1-95˚C for 15 min, followed by 40 cycles of 95˚C for 10 sec, 52˚C for 20 sec, 72˚C for 20 sec and 82˚C for 15 sec; for GnRH3-initial denaturation and enzyme activation at 95˚C for 15 min, followed by 40 cycles of 95˚C for 10 sec, 54˚C for 20 sec, 72˚C for 20 sec and 83˚C for 10 sec; for βLH-95˚C for 15 min, followed by 40 cycles of 95˚C for 10 sec, 60˚C for 15 sec and 72˚C for 20 sec; for βFSH-95˚C for 15 min, followed by 40 cycles of 95˚C for 10 sec, 57˚C for 20 sec and 72˚C for 20 sec; for GH-initial denaturation at 95˚C for 15 min, followed by 40 cycles of 95˚C for 10 sec, 64˚C for 20 sec, 72˚C for 20 sec and 83˚C for 15 sec; for prolactin-95˚C for 15 min, followed by 40 cycles of 95˚C for 15 sec, 54˚C for 25 sec and 72˚C for 20 sec; and for 18S rRNA-95˚C for 10 min, followed by 40 cycles of 95˚C for 15 sec, 64˚C for 20 sec and 72˚C for 20 s. Amplifications of each target gene and reference gene cDNA were performed simultaneously in separate tubes in duplicate, and results were analyzed with QGene software (BioTechniques Software Library at: www.BioTechniques.com). Dissociation-curve analysis was run after each real-time experiment to ensure that there was only one product. To control for false positives, a non-template negative control was run for each primer pair.
Statistical Analysis
Data of the transcription of each gene are presented as mean ± SEM. The significance of the differences between group means of hormone mRNA levels was determined by one-way analysis of variance (ANOVA). In order to compare between every two different underground water conditions (between 0% and 50%; between 0% and 100% and between 50% and 100%), Student's t-test data analysis was performed using the Statistical Package for the Social Sciences 17.0 software (Chicago: SPSS Inc). The comparison differences were considered to be statistically significant at P < 0.05.
RESULTS
Effect of Underground Water on the Sexual Behavior of Males
Males maintained in groups (10 per aquarium) in different concentration of underground water (0%, 50%, 100%) having high salinity and conductivity levels did not demonstrate any sexual behavior (they did not build nests). In contrast, males that had been kept separated (one per aquarium), built nests in all three different underground water. However, there was a significant high variation in the percentage of males that build nests at a high underground water concentration (100%) compared to fish maintained at low underground water concentrations in the first two days (P < 0.05, one-tailed Student's t-test) (Figure 1) . No morphological differences could be observed among the testes of males maintained at the three different underground water conditions at all stages of spermatogenesis (spermatogonia, spermatocyte, spermatids and spermatozoa) (Figure 2) . The % GSI of males building nests was higher than non-reproductively active males in water containing the lowest underground water (P < 0.05, one-tailed Student's t-test) (Figure 3 ).
Effect of Underground Water on the Relative mRNA Levels of Brain and Pituitary Hormones of Blue Gourami Males Maintained in Groups (under Non-Reproductive Conditions)
The mRNA levels of brain hormones (GnRH1 and GnRH3) and pituitary hormones (βLH, βFSH, GH and PRL) at various underground water conditions in males under non-reproductive conditions (FNRC) are presented in Figure 4 . GnRH1, βLH and βFSH mRNA levels were significantly higher at 50% and 100% underground water conditions compared to 0%; PRL mRNA levels were significantly higher only in 100% underground water compared to 0%. On the other hand, no significant differences were found in GnRH3 and GH mRNA levels at various percentages of underground water conditions (Figures 4(a) and (b) , respectively). Figure 3 . The gonado-somatic index (% GSI) of fish in various underground water conditions (mean ± SEM; n = 5 -10). Significant differences were found in 0% underground water) (P < 0.05, Student's t-test). Figure 4 . The effect of different underground water conditions on mRNA levels of brain and pituitary hormones in males under non-reproductive conditions. (a) βLH, βFSH GH and PRL; (b) GnRH1 and GnRH3. Blue gourami males maintained in groups were selected randomly and kept for a four-day acclimation period. The experiment was carried out on the fish for four days, 10 fish per container (n = 30). Total RNA from brains and pituitaries was reverse-transcribed for a quantitative real-time PCR. Each histogram represents the average of 7 -10 independent measurements (mean ± SEM). Asterisk above each histogram denotes a significant difference between mRNA levels in males at 0% to other underground conditions (P < 0.05, t-test).
Effect of Underground Water on the Relative mRNA Levels of Brain and Pituitary Hormones of Blue Males Maintained Alone (under Reproductive Conditions)
The mRNA levels of brain hormones (GnRH1 and GnRH3) and pituitary hormones (βLH, βFSH, GH and PRL) at various underground water conditions in males under reproductive conditions (FRC) are presented in Figure 5 . GnRH1 mRNA levels were significantly higher at 50% and 100% underground water conditions compared to 0%; PRL mRNA levels were significantly higher at 100% underground water compared to 0%; and GnRH3 mRNA levels were significantly higher at 50% underground water compared to 0%. On the other hand, no significant differences were found in βLH, βFSH and GH mRNA levels at various percentages of underground water conditions. Figure 5 . The effect of different underground water conditions on mRNA levels of brain and pituitary hormones in males under reproductive conditions. (a) βLH, βFSH GH and PRL; (b) GnRH1 and GnRH3. Blue gourami males maintained with females under reproductive conditions. After the four-day acclimation period in the group, the fish were separated for three days (so that each aquarium contained only one male and a mature female was add to each aquarium after the first day). Total RNA from brains was reverse-transcribed for a quantitative real-time PCR. Each histogram represents the average of 5 -7 independent measurements (mean ± SEM). Asterisk above each histogram denote a significant difference between mRNA levels in males at 0% to other underground conditions (P < 0.05, Student's t-test).
DISCUSSION
Water quality affects the growth and survival of fish as well as their metabolism [35] . It is well known that labyrinth fish, to which the blue gourami belong, adapt to low water quality having a low oxygen concentration since they possess an air-filled breathing cavity having the ability to use atmospheric oxygen. The current study demonstrates that in the blue gouramis, underground water having high salinity and conductivity levels than their normal habitat affects mRNA levels of genes encoded to the main hormones involved in growth and reproduction as well as sexual behavior. This result supports the hypothesis that water composition affects reproduction and sexual behavior through alternation in gene expression at the brain pituitary axis.
Trichogaster trichopterus is a tropical fish that exists in a habitat having a relatively constant temperature range [15] ; in this habitat, these fish reproduce all year round in the 23˚C -31˚C temperature range [6] . In this habitat, water is highly affected by rain. Relatively great attention has been paid to the endocrine control of prolactin and growth hormone in the adaptation to gradual or rapid salinity changes [36] [37] [38] . In salmonid, LH and FSH response to salinity challenge was studied [39] , However in freshwater fish, data about the effect of changes in water osmolarity on these hormones in are limited.
In some fish, the life history passes from freshwater to seawater to spawn, e.g. Anguilla species [40] , and hormone control reproduction might be affected by NaCl concentration. The pituitary-gonadal axis homing chum salmon was also examined during the life cycle and migration to freshwater [39] . Although the blue gourami is not classical migratory fish, under natural conditions, it inhabits shallow sluggish or standing water, ponds, ditches, swamps and marshes having considerable aquatic vegetation. Habitats affected by seasonal rains influence the standing water where the fish breed. There is no detailed description of conditions in natural habitats; however, extensive study has been made regarding the adaptation to growth and reproduction under artificial conditions [15, 16] . It is suggested that the salinity and conductivity of water in natural habitats, which is of low quality, changes during the rainy season, thus affecting reproduction, as was found in the current study. In this study, changes in the salinity of water affected pituitary and brain gene expression with respect to the reproductive stage.
In non-reproductively active males, GnRH1, βLH, βFSH and PRL mRNA levels were significantly higher in males maintained in underground water having a high salinity and conductivity levels. These fish exhibit a high rate of spermatogenesis, and GnRH1 and GtHs are the main regulators of this process [41] , which might explain their high sensitivity to environmental changes. A previous study in our lab showed that high mRNA levels of GnRH1, βFSH and prolactin (PRL) were detected in mature non-reproductively active males compared to juveniles [21, 22, 42] . This is in agreement with the mRNAs encoding GTH subunits in the pituitaries of maturing adults, which were significantly higher than those of immature fish in chum salmon that correlated to water salinity [39] . In blue gourami, GnRH1 increased βLH and βFSH gene expression in pituitary dispersed cells [42] . The involvement of PRL osmoregulation was studied extensively [37] , however this work supports a previous study of tilapia showing that GnRH stimulate PRL release [43] .
Reproductively active males demonstrated sexual behavior in building nests and an increase in mRNA levels of GnRH1, GnRH3 and PRL; a large percentage of bubble nests was detected in fish maintained in underground water having a high salinity and conductivity levels. The correlation between GnRH1 and GnRH3 with sexual behavior and nest-building was previously reported for blue gourami and other fish [44, 45] . Thus, it is suggested that in non-reproductively active males, an increase in water salinity and conductivity induces GnRH1gene expression, which in turn increases GtH and PRL synthesis. Nest building behavior and parental care in such fish appear to be under the regulation of prolactin [46] . On the other hand, in mature reproductively active males, an increase in water salinity and conductivity also induces GnRH3 gene expression, which induces nest-building.
The lack of change in GH mRNA level with an increase in water salinity and conductivity supports previous findings for gourami, showing relatively constant expression levels during reproduction stages in male blue gourami that do not increase significantly with sexual behavior [21] .
In summary, the above discussion concludes that changes in salinity and conductivity levels from underground water affects hormone control reproduction and is in agreement with what was found regarding the hormone most involved in the sexual behavior of blue gourami males.
